ABSTRACT This paper analyzes the evolution of technology trends in education from 2010 to 2015, using as input the predictions made in the Horizon Reports on Higher Education, published yearly since 2004. Each edition attempts to forecast the most promising technologies likely to impact on education along three horizons: the short term (the year of the report), the midterm (the following two years), and the long term (the following four years). This paper applies social analysis, based on Google Trends, and bibliometric analysis, with data from Google Scholar and Web of Science, to these predictions in order to discover which technologies were successful and really impacted mainstream education, and which ones failed to have the predicted impact and why. This paper offers guidelines that may be helpful to those seeking to invest in new research areas.
leaders, policymakers, etc., to make responsible and informed decisions. However, in spite of the informative value of these publications, not all emerging technologies impact education in the same way. For this reason, it is important to determine the individual success of each one.
The aim of this work is to assess the predictions made by the Horizon Reports on Higher Education published between 2010-2015 (i.e. from six Horizon Reports), attending to the social interest and scientific impact of technologies. Every year since 2004, these reports have predicted the impact of emergent technologies on education across the world, using three temporal horizons: the year of the report (short-term predictions), the next two years (mid-term predictions), and the four years following the report (long-term predictions). According to the figures provided by the Horizon Report Project, these reports receive over 500,000 downloads a year and have an estimated readership of about 1 million in 75 countries.
The methodological approach adopted in this work has a dual perspective. On the one hand, social interest has been studied using the Relative Search Volume (RSV) provided by Google Trends (GT). This measure informs about the proportion of searches for a specific term relative to all the searches made in Google over a specific time.
Although this tool has only started to be used in this educational area (proved by the fact that the search for ''Google Trends'' in the database of the Education Resource Information Center -ERIC-only recovered 7 bibliographic records), its potential to measure the interest in specific terms has been demonstrated in several studies mainly conducted in the field of medicine [9] [10] [11] [12] [13] [14] and economy [15] [16] [17] [18] [19] [20] [21] .
Hence, searches in PubMed (a database developed and maintained by the National Center for Biotechnology Information [NCBI] at the National Library of Medicine [NLM] ) and in IDEAS (the largest bibliographic database dedicated to Economics, based on Research Papers in Economics [RePEc]) yield results of 229 and 244 bibliographic records, respectively (consulted in April 2018).
On the other hand, in relation to the scientific impact, bibliometric studies have been widely used to analyze trends and to identify emerging scientific areas [22] [23] [24] [25] [26] [27] . In our case, scientific impact was assessed by means of a bibliometric analysis, based on the one used by Martin et al. [28] for HRs (2004) (2005) (2006) (2007) (2008) (2009) (2010) . In any case, it differs from the previous one in that it includes the prestigious and selective databases of the Web of Science (WoS) together with Google Scholar (GS).
This work can be seen as a tool for researchers in education technologies, given that it helps to identify if the information on these reports has any correlation with the evolution of these indicators. As such, it may prove useful to researchers when deciding where to focus their research efforts.
The paper is structured into five main parts: an introduction; a methodology section, which lists bibliographic sources and describes the stages of the study; a results section, which includes a compilation of the data obtained from GT, GS and WoS, and analysis of technology flows and evolution; a discussion section, which contains critical analysis of the results; and a conclusions section, which provides findings, highlights, constraints, benefits and direction for future research.
II. METHODOLOGY
The procedure followed to achieve the proposed objective can be divided into four different steps.
A. IDENTIFICATION OF THE KEY TECHNOLOGIES
As mentioned previously, every year the HRs forecast two educational technologies to be implemented in higher education in the short term (one year or less), another two for the medium-term (for two to three years) and, finally, two long term ones (for four to five years). Assuming that there will be less error in short term ones, here we have contemplated the technologies to be implemented the year after the report is published.
B. DETERMINATION OF THE STUDY PERIOD
Firstly, 12 educational technologies identified in the six reports published between 2010 and 2015 (Table 1) were selected. Table 1 also shows the terms associated with the technologies. The selection of the terms was made by authors, based on the technologies identified in the HRs. Then, a group of eight experts in educational technologies assessed the relevance of considering these related terms and proposed other alternatives that should be taken into account.
Secondly, for each one evolution of the social interest and scientific impact in the two years immediately following publication of each report was analyzed. The study period, therefore, extended from 1st January 2008 (two years prior to publication of the HR2010) until 31th December 2017 (approximately two years after publication of the HR2015).
C. ASSESSMENT OF THE SOCIAL INTEREST
This interest was measured by means of the Relative Search Volume (RSV) provided by Google Trends. Searches with this instrument were carried out on March 26, 2018 , and the following search criteria were used for each of the 12 technologies: a) time limit: two years before and after publication of the term in the HR (for example, for a term published in HR 2010, the interval from 1st January 2008 until the 31st December 2012 was considered); b) geographical limit: no geographical limitation was defined; c) search categories: the search is limited to the categories ''Education'' and ''Colleges & Universities.'' Using these categories, two measures of interest of these terms were obtained worldwide: in the context of education in general, and particularly in the context of higher education.
D. DETERMINATION OF THE SCIENTIFIC IMPACT
Scientific impact was assessed by analyzing the number of scientific studies published on the aforementioned VOLUME 6, 2018 technologies in GS and in WoS. With Google Scholar we could examine a number of multidisciplinary academic repositories, such as ''Springer,'' ''IEEExplorer,'' ''Wiley Online Library,'' ''JSTOR,'' ''ERIC,'' and Questia -Trusted On-line Research (www.questia.com). It also enabled us to access the libraries of several universities around the world, and even academic social networks such as Mendeley (mendeley.com). In contrast with the globality of GS, the search in WoS was also chosen, namely the prestigious and selective databases SCI, SSCI and A&HCI. In both cases, the following search criteria were used: a) time limit: two years before and after publication of each technology in HR to obtain the history of publications for each keyword; b) publication field: the search was narrowed down to education-related publications, by selecting only publications with the keywords ''learning'' or ''education'' in the title in GS and in the topic in WoS (topic searches include the following fields within a record: title, abstract and keywords). Each year was multiplied by the Weighting Factor (WF) proposed by Martin et al. [28] . For example, if the interval of years studied for a technology published in HR 2010 extended from 2008 until 2012, the publications in each of these years were weighted by the following WF: 
E. ANALYSIS OF RESULTS
Firstly, the evolution of the four indicators analyzed for the 12 technologies selected were represented graphically: search volume in the categories ''education'' and ''colleges & universities'' of GT (social interest), and number of publications in GS and WoS (scientific impact). The next step was to determine whether the predictions made for the HRs correlated with social interest and scientific impact, by means of the following procedure: a. Relation to social interest. The difference was calculated between the social interest of the terms analyzed in the year of publication of the HR report, and the average interest over the two years prior to (2) and following (3) this year of reference.
b. Impact on scientific interest. In this stage, it is important to notice that while the results of GT may help to predict the present (nowcasting), the documents published one year were the result of the research work in the previous year because of the publishing delay. This aspect was taken into account when comparing the HR predictions with their effect on publications and, consequently, the difference between the volume of studies published up until the study year and the number of studies published one year (4) and two years after (5) publication of the report.
III. RESULTS Figure 1 shows the evolution of the social interest and scientific impact of the educational technologies, which, according to HR2010, would impact the field of higher education in one year or less after publishing the report. The results show that the search volume in Google of the term ''mobile computing'' reached a peak two years after publication of the HR, both in the category of ''Education'' (Ed) and also for ''Colleges & Universities'' (C&U). However, this was not the case for the technology ''open content.'' The popularity of the term declined after the peak observed in 2008. Regarding the scientific impact measured from the number of publications in GS and in WoS, the results were found to support the prediction made in the HR, except for the slight decline observed for the technology of ''open content'' in WoS one year after the publication of the report. Figure 2 shows how the year of publication of HR2011 matches the peak of popularity measured by GT, for the technology ''electronic books'' in the ''Ed'' category, and one year later for the ''C&U'' category. We also observed that the number of publications on this technology found in the WoS and in GS increased during the two years following publication of the report. Regarding the term ''mobiles,'' there was found to be an increase in search volume more than one year after publication of the report, especially in the ''Ed'' category, which appears to be accompanied by a rise in scientific production relating to this technology.
The results shown in Figure 3 reflect an increase in the social interest in the technology ''mobile app,'' reaching maximum values after publication of the report. For the technology of ''tablet computing'' the maximum popularity occurred the year of publication of the HR2012. On the other hand, the scientific production relating to these technologies was found to increase after publication of the report.
The search volume in the ''MOOC'' technology represented in Figure 4 reached its highest values approximately one year after publication of the HR2013. As shown in the previous section, after 2012 social interest in the technology ''tablet computing'' gradually declined. Regarding the scientific impact, a steady increase in the number of publications was observed, both in GS and in WoS, during 2014 and 2015 for the technology of ''MOOC'' and in WoS for ''tablet computing'' technology.
The social interest in the terms analyzed in Figure 5 steadily increases over the interval of years considered, reaching a peak in 2015 for the case of the ''flipped classroom'' technology, whereas for ''learning analytics'' technology the maximum popularity occurred around 2016. Regarding scientific production, an increase in the number of publications was observed one year after publishing the report, which, in the case of studies on GS, intensified during 2016.
The results presented in Figure 6 show that the social interest on both technologies remains constant over the entire period. On the other hand, the number of publications on the ''flipped classroom'' continues to grow, as shown previously. In addition, the scientific production relating to the ''BYOD'' technology has also increased slightly after publication of the report. Table 2 analyzes whether the predictions made by the HRs were accompanied by a rise in social interest in said technologies. This was done by comparing the social interest during VOLUME 6, 2018 the year of publication of the HR, with the interest two years before and two years after publication of the report. Three trends can be identified from the results: a) Technologies for which the social interest increases in the year of publication of the report and declines or remains constant after that time. These predictions can be considered as the most successful ones, in that they are accompanied by the greatest social impact in the year of publication of the report. This would be the case for ''electronic books,'' ''mobile applications,'' ''tablet computing'' (HR2012), ''flipped classroom,'' and ''learning analytics.'' b) Technologies for which the social interest increases during the year of publication of the report and continues to rise after that. These predictions can be considered to have a moderate success, since the impact extends after the short-term (one year or less). This group includes: ''mobile computing,'' ''mobiles,'' and ''MOOC.'' c) Technologies for which the social interest declines in the year of publication of the report, after which it remains constant or decreases further still. These predictions are the least successful and were made for the technologies: ''open content,'' ''tablet computing'' (HR2013), and ''BYOD.'' On the other hand, Table 3 can be used to determine the success of the predictions made by HR based on the evolution of the scientific production, one or two years after publication of the report, about the predicted technologies.
IV. DISCUSSION
The analysis consisted in comparing the number of publications at these two time points with the mean number of publications recovered for the year in which the report was published and for the previous two years. The results can be gathered in three categories: a) Difference of 100 or more publications in GS and 50 in WoS, the year following publication of the HR. Those considered to be successful predictions in this 36844 VOLUME 6, 2018 (or difference of 100 or more publications in GS and 50 in WoS two years following the publication of the HR). These were considered as moderately successful predictions as the impact occurred in the medium term. This group corresponded to the technologies ''mobile computing,'' ''open content,'' ''tablet computing (HR2013)'' and ''learning analytics.'' c) Difference of less than 100 publications in GS and 50 in WoS, during the two studied years. These predictions were considered as not very successful and corresponded to ''electronic books'' and ''BYOD.'' In Table 4 we have classified the technologies in relation to the two previous criteria. The results show that 50% of the technologies considered here present a similar social and scientific impact.
On the other hand, technologies outside the main diagonal have had a different social and scientific impact. The clearest example of these is the case of the ''Electronic books,'' for which the social interest was high in 2011 although it had a low scientific impact.
V. CONCLUSIONS
In this paper, we have identified the 12 educational technologies, which according to Horizon Reports Higher Education published between 2010 and 2015, have impacted higher education in the short term. The trend in social interest has been analyzed by measuring the RSV provided by Google Trends. The scientific impact of these technologies was also calculated based on the number of publications in Google Scholar and in the Web of Science, in order to determine whether the information published in these reports correlates with the evolution of the aforementioned indicators or not.
The study of both of these criteria verifies the success of the predictions made in the HRs. The most successful forecasts were made for technologies characterized as having a high social interest and scientific impact. Unsurprisingly, in these cases, the educational society has shown the most interest in the predicted technologies, as proven by the number of searches in Google and, in turn, these technologies have been the most studied by researchers.
In addition, using both criteria to evaluate these technologies allows anomalous situations to be identified, such as the case of the tablet computing. For example, the scientific impact of the tablet computing (HR2013) may not be due to the effect of technology implementation in 2013, but instead it could be caused by the social interest in tablet computing when it first appeared. As a result, researchers might have regarded this technology as a new field of observation and research, and studying in depth its educational possibilities and limitations, to discover possible uses and different forms of application.
Moreover, this study demonstrates the value of Google Trends to improve the predictions made in the field of education. Given that Google Trends can assess the social interest at a given moment in time, its use to forecast the present can avoid errors in short-term predictions. In the case that concerns us here, Google Trends allows the ''popularity'' of several technologies and their historical evolution to be compared. Thus, the forecasts made by the HRs could take into account, to some extent, the evolution of social interest (measured through Google Trends or through some other procedure).
The main limitations of this study are the lack of transparency of the Google Trends methodology [13] and the limitation to the number of characters allowed in its query. The limitation in the number of characters allowed in the search equation also affects to Google Scholar. In addition, other limitations are related to the design of information retrieval equations, conditioned by the need to limit the search in Google Scholar and the Web of Science to educational publications, which may cause a loss of relevant works. 
